Aim: To determine the incidence, regional variation in frequency, outcome, and risk factors for acanthamoeba keratitis (AK) in England and Wales. Methods: AK cases presenting from 1 October 1997 to 30 September 1999 were identified by the British Ophthalmic Surveillance Unit active reporting system. Clinical and patient postal questionnaire data were analysed. Results: 106 reported cases met study criteria. The annual incidence for the 2 years was 1.26 and 1.13 per million adults and, for contact lens (CL) wearers, 21.14 and 17.53 per million. There was marked regional variation in incidence (0 to 85.13 per million adult CL wearers), with CL wearers in the south having a ninefold increased risk of AK compared with those resident in the north (95% confidence limits: 2.2-38.9, p<0.0001), and a threefold increased risk with hard as opposed to soft domestic water (95% confidence limits: 1.73 to 6.58, p<0.001). Treatment and outcome data were similar to those previously reported. 93/106 (88%) patients were CL wearers. Among these, 46/77 (60%) were disinfecting irregularly, and 20/63 (32%) had been swimming in CLs. One step hydrogen peroxide and chlorine release soft CL (SCL) disinfection systems were significantly over-represented among the cases. Among SCL users, one or more previously established risk factors for AK were identified in 50/55 (91%) patients. Conclusions: The incidence was considerably higher than most previous estimates, and was static. The geographical variation in incidence may be partly related to the increase in risk associated with hard water. The fact that water quality can have such an effect on the risk of AK suggests that many CL wearers must be letting tapwater come into contact with their lenses or storage cases. Improved education for CL wearers and practitioners about hygiene practice and the variable efficacy of contact lens systems could be expected to reduce the incidence of this disease.
A canthamoeba keratitis (AK) is a rare but severe corneal infection which, despite improvements in diagnosis and treatment, still culminates in prolonged morbidity and significant loss of visual acuity for up to 15% of patients. 1 2 Since up to 93% 2 3 of patients with AK are contact lens (CL) wearers, the incidence has been greatly influenced by changing trends in CL use and care. In the United States, a dramatic increase in cases paralleled the growing popularity of soft CL during the 1980s, 3 attributable to the use of non-sterile CL solutions, swimming in lenses, and inadequate disinfection. 4 In the United Kingdom, there was a marked rise in the number of cases in the first half of the 1990s, associated with the introduction and increasing popularity of disposable soft contact lenses (SCL) 2 5 6 shown to be due to irregular and/or chlorine based disinfection. 7 After late 1995 there was a decrease, perhaps resulting from an improvement in CL hygiene following the widespread dissemination of the results of a paper on AK, 7 8 as well as the gaining penetrance of new CL hygiene systems.
The actual incidence of CL related AK (per million CL wearers) is still uncertain but has been estimated as 1.36 in the United States, 3 and, more recently, 3.06 per million in Netherlands, 9 and as high as 149 per million in the west of Scotland. 10 In England, a 4 year multicentre survey of AK in 12 of the 14 regional health authorities showed an annualised incidence of 1.4 per million individuals and an estimated 19.5 per million CL wearers. 2 However, this figure was probably underestimated as many smaller eye departments were unable to identify patients with AK retrospectively and growing awareness of the disease, and increased availability of the new antiamoebal drugs, may have reduced the referral of AK cases to specialist departments. Furthermore, the likelihood of enhanced detection by larger specialist referral centres prevented analysis of the apparently considerable regional variation in incidence. 2 This variation may be related to differing levels of water hardness, since an association between the presence of limescale and amoebae has been shown. 11 We conducted a 2 year prospective study of AK in England and Wales in order to monitor the incidence, investigate regional variation in frequency of cases and any association with differing water hardness, determine the proportion of cases attributable to previously established risk factors, and provide national data on treatment and outcome.
METHODS

Case ascertainment
The British Ophthalmic Surveillance Unit (BOSU), 12 set up at the Royal College of Ophthalmologists in 1997, maintains a list of consultant ophthalmologists, associate specialists, and senior lecturers and runs an active reporting system using methods previously described. 13 Following an introductory information pack, ophthalmologists were sent a monthly report card to indicate whether they had seen a new case of AK in the preceding month. Non-respondents received reminders. Each month, the study investigator sent reporting doctors in England and Wales a clinical data sheet as well as a questionnaire to post to their patient.
Case definition
Cases were defined as patients presenting during the study period with a diagnosis of acanthamoeba keratitis supported by positive tissue culture or histology, or diagnosed clinically by the presence of perineural infiltrates (pathognomonic for the disease) 5 and/or multiple other typical features such as atypical keratitis with an indolent course, positive culture from CL paraphernalia, severe or disproportionate pain, epitheliopathy, limbitis, and ring ulcer. 5 The inclusion of culture negative cases in surveys of AK has been validated by the finding that there is no significant difference in outcomes, as measured by final visual acuity 2 5 and need for surgery, 2 when confirmed and presumed cases are compared. 2 5 Non-UK residents were excluded from the analysis of incidence.
Study period
Two years' data collection commenced on 1 October 1997 after an initial 3 month trial period to allow for the likelihood that participation would be reduced until familiarity with the reporting system had developed. 13 Follow up data up until March 2000 were requested, allowing at least 5 months' data on patients presenting in the final month of the study.
Population data
The Office for National Statistics population estimates 14 15 were used.
Domestic water hardness data
All 27 water supply companies in England and Wales 16 gave data regarding the number of households supplied with soft, medium, and hard water (0-99, 100-199, and 200 or more mg/l as calcium carbonate respectively) and a map of water supply zones. Water hardness was determined for each patient, using the town and postcode district of the place where they had been staying at the time of infection.
RESULTS
BOSU response rate
The monthly card return rate averaged at 62%, 67%, 68%, and 71% during the four 6 month periods of the study (October 1997 to September 1998).
Reports of cases
There were 179 reports of AK from 97 ophthalmologists in England and Wales between October 1997 and October 1999. Of these cases, 106/179 (59%) met study criteria; 33 (18%) were duplicate reports; 16 (9%) had no clinical data available for verification, owing to ophthalmologists declining to send information or, more usually, failing to record the patient's details at the time and subsequently being unable to identify the patient; and 24 (13%) had been reported in error (8) or presented outside the study period (16) . At both Moorfields Eye Hospital and Manchester Royal Eye Hospital, where it was possible to compare the cases reported via BOSU with those ascertained from pharmacy and microbiological records, there were reporting rates of 89% (33/37) and 100% (4/4) respectively. At both hospitals there were no confirmed cases reported by BOSU that were not verified by one of these other sources.
Incidence
Five non-UK residents were excluded from the analysis of incidence. The annual incidence for the two study years was 1.26 and 1.13 per million adults respectively, with no significant change between the 2 years ( Table 1) .
If a survey conducted by Market Opinion Research Int for the Eyecare Information Service (1998) is valid, the penetrance of CL wear in England and Wales was 5% at the middle point of the study period, but with regional variation of between 3% to 9%. This gives an overall incidence for CL wearers was 21.14 and 17.53 per million for years 1 and 2 respectively, with no significant change between the 2 years (Table 2).
Regional variation in incidence
There was considerable regional variation in incidence both among the general population (0 to 4.00 per million) ( Table 1) and among CL wearers (0 to 85.13 per million) ( Table 2) . Regional incidence analysis showed that the risk of AK was nine times greater among CL users in the south compared to the Midlands and north (Table 3) . 
Domestic water hardness
Domestic water hardness could be classified for 80/106 (76%) patients. The remainder were either out of the country at the onset of infection (22) or had insufficient data (4) and were excluded from analysis of water hardness as a risk factor. There appeared to be a significant trend towards an increased incidence of AK with increasing hardness of water supply, with hard water being significantly associated with a threefold increase in risk of AK when compared with soft water (Table  4) .
Diagnosis
Bilateral disease occurred in 8/106 (7.5%) cases. A positive tissue diagnosis of acanthamoeba was made for 46/106 (43%) patients, and for a further 30 (28%) diagnosis was confirmed by the presence of perineural infiltrates. The remaining 30 cases had a diagnosis of presumed AK, each having atypical keratitis with an array of characteristic signs and symptoms such as epitheliopathy (25), severe or disproportionate pain (17) , limbitis (9) , ring infiltrate (6), and culture of Acanthamoeba from contact lens, lens storage case, or solution bottle (5) .
The proportion of patients diagnosed early (receiving antiamoebal therapy within 30 days of presentation) was 82/104 (79%), data were unavailable for 2/106. The most common initial diagnoses were acanthamoeba keratitis (33/106, 31%), herpes simplex virus keratitis (26/106, 25%), contact lens abrasion or hypoxia (19/106, 18%), and bacterial keratitis (18/106, 17%).
Treatment and outcome
Antiamoebal medical therapy, duration of treatment, surgery, and final acuities are shown in Table 5 . 
Patient characteristics
Patient ages ranged from 16 to 75 years, with a mean age of 36.9 years. At least 56/106 (53%) were female (the sex for two patients was unknown). At least 93/106 (88%) patients were CL wearers (for three patients contact lens wear before infection was uncertain).
Risk factors among non-contact lens wearers
Questionnaires were completed by 9/10 patients who had not been wearing CLs. Seven of these patients had a history of minor ocular trauma and/or eyes having been splashed by stagnant water in a rural (4) or other outdoor environment (3). One patient regularly splashed water into his eyes every morning, and another, with concurrent uveitis and glaucoma, used an eye bath after receiving a corneal abrasion during gonioscopy. Data were unavailable for one patient.
Risk factors among contact lens wearers
Only 3/93 (3%) patients had a medical indication for CL wear (aphakia (1), keratoconus (1) post graft for keratoconus (1)) ,
8/93 (8%) had a history of trauma, minor in all but one case, or concurrent eye disease (6/93, 6%, all conjunctivitis or blepharitis). All but one of the 22 patients who had been abroad at the onset of symptoms (or during the week before) were CL wearers. Fifty six per cent (9/16) had been swimming in sea (n=9), pool (n=3), or fresh water (n=2) while wearing their CL (for five patient data were unavailable).
Questionnaires were completed by 63/93 (68%) of patients known to be CL wearers. At least 66/67 (99%) had more than 6 months' experience of contact lens wear. Eighty of 93 (86%) were wearing soft CLs, in a variety of replacement schedules (Table 6 ). Data on penetrance of CL types and modalities are not available, but data on prescribing habits [17] [18] [19] (which probably overestimate the proportion of the population wearing newer modalities) suggest that, among soft lens wearers, daily disposal lenses appeared to carry a significantly decreased risk, while 1-4 weekly disposal lenses were associated with a significantly increased risk.
Among the 11 patients who had been wearing rigid CLs, all but one (a non-UK resident for whom data were insufficient) had either failed to carry out regular disinfection (n = 7) and/or developed AK following trauma (n = 3) or swimming with their CLs in (n = 3).
Among SCL wearers for whom disinfection data were sufficient there were 22/66 (33%) who were disinfecting irregularly and 17/66 (26%) who never disinfected their CL. The 24 SCL wearers carrying out regular disinfection had been using multipurpose solutions (8), chlorine based solutions (7), one step hydrogen peroxide systems (7), or a two step hydrogen peroxide system (1) (the solution type for one non-European patient was unknown). Three patients had been using daily disposable CLs, theoretically obviating the need for solutions. Among patients on monthly CL replacement who were disinfecting their lenses (n = 29), multipurpose solutions were significantly under-represented, while one step hydrogen peroxide systems and, in particular, chlorine release systems, were significantly over-represented when compared to their use in the population [17] [18] [19] (Table 7) . Among the SCL wearers who had completed a questionnaire, the most common risk factors-determined by previous studies 2 4 20 -were swimming with CL in situ, irregular or omitted disinfection, and poor basic CL storage case hygiene. One or more of these risk factors were identified for 50/55 (91%) of these patients (Table 8) .
DISCUSSION
Incidence of acanthamoeba keratitis A limitation of the study with respect to incidence analysis was the use of a newly set up surveillance system with a mean response (monthly report card return) rate of 62% rising to 71%. Furthermore, despite initial instructions and subsequent reminders in 6 monthly newsletters, a potential 9% loss of cases occurred because ophthalmologists failed to record the name or hospital number of patients they had reported and subsequently being unable to identify them when clinical data were requested a few weeks later. Ethics committee guidelines, for the protection of patient confidentiality, prevented recording of the hospital number on the report card, which would have overcome this problem. Despite these difficulties, case ascertainment was found to be between 89% and 100% for two hospitals where alternative sources of case identification were available. The incidence 1:1 000 000 of AK among adults in England and Wales confirms the result of a retrospective multicentre study of cases during 1992-6 in England. 2 Among CL wearers, the 21 and 17 per million incidence for the 2 years respectively is also in keeping with the 19.5 annualised incidence previously found. 2 The likelihood of marked under-reporting in the earlier study, however, suggests that the actual incidence may have decreased since 1996. The substantially lower incidence of AK found for the Netherlands has been attributed to the greater proportion of Dutch CL wearers using rigid lenses. 9 The 149 per million incidence reported for the west of Scotland, 10 however, is irreconcilable with the findings of either study, and warrants further evaluation.
As in a previous study, 2 there was considerable regional variation in incidence. Analysis now suggests that this may be independent of the varying proportions of CL wearers in each region, assuming the estimates of CL use for each region are valid, although inter-region variations in CL wear modality and CL care solutions, for which data are not available, may be a confounding factor. Possible explanations for the greatly increased incidence in the south include increased Acanthamoeba in the environment owing to higher average air temperature 21 and, in particular, the much greater proportion of households supplied with hard domestic water 16 (Fig 1) . This suggests that many CL users are still contaminating their CLs with tap water either directly (showering, face washing, handling with wet hands) or by using water to rinse their storage case. It has been hypothesised that contact with tap water in hard water areas poses a greater risk than in soft water areas because of the presence of limescale, which may both provide an environment for amoebae and reduce the efficacy of some CL disinfection systems.
11
Diagnosis, treatment, and outcomes A culture positive rate of 43% for acanthamoeba keratitis is similar to that reported in previous series. 2 5 Comparison with the multicentre study 2 conducted between 1992 and 1996 revealed that there has been no change in the proportion of patients receiving an early diagnosis; the proportion being treated with more effective antiamoebal therapy (PHMB and/or chlorhexidine); the mean duration of therapy; the frequency of needing surgical management or the proportion regaining good visual acuity. 4 7 20 24 (44) Chlorine disinfection 7 20 9 (16) Rinsing/storing CL with non-sterile water Risk factors among contact lens wearers As in previous studies, 2 5 a very high proportion of patients were CL wearers, and less than 3% had a medical indication for CL wear or had less than 6 months' experience. As in a previous study 2 AK was associated with irregular disinfection, trauma, and/or swimming in CLs for both rigid and SCL users; however, in SCL users the compliant use of some less effective disinfection systems was also associated with AK Chlorine based disinfection, which is ineffective against Acanthamoeba, is well established as a highly significant risk factor for SCL related AK. 7 20 This study suggests that there may also be a significant association between AK and one step hydrogen peroxide disinfection. Hydrogen peroxide is highly effective against acanthamoeba cysts, but the delayed release catalase tablet or platinum disc used for neutralising these one step systems prevents the minimum effective soaking time from being achieved. 22 This observation is supported by a report of AK in patients using one step hydrogen peroxide systems appropriately. 23 All SCL replacement schedules were represented among the patients with AK, including daily disposal. The latter, however, were significantly less common among the cases, probably because, if used correctly, they obviate the need for solutions.
One to four weekly disposal, however, was markedly more common among patients with AK than in the population as a whole. This is probably a reflection of the differing patterns of disinfection among users of disposable as opposed to non-disposable lenses, in which the latter are significantly more likely to use a two step hydrogen peroxide system. [17] [18] [19] Since silicon hydrogel lenses for 30 days' continuous wear were only introduced 4 months before the end of the study period, their effect on the risk of AK remains unknown. Although overnight wear has never been identified as a significant risk factor for acanthamoeba keratitis, the continuity of wear may increase the likelihood of the lenses being used while engaged in water sports.
On comparing established significant risk factors among the cases in this study with those reported for patients in the earlier multicentre survey 2 it can be seen that while the declining availability and popularity of chlorine disinfection has reduced the number of cases associated with it, the proportion of cases associated with irregular or omitted disinfection has significantly increased. This may be due to the rapidly increasing preponderance of SCL issued on a disposable schedule, with which an increased tendency towards omitted or irregular disinfection has been reported. 7 Swimming while wearing SCL, long established as a significant risk factor for AK, 4 continues to be reported in nearly a third of the cases. As in the earlier study, 2 there was a history of at least one previously established risk factor in over 90% of the SCL wearers who completed a questionnaire. These results emphasise the highly preventable nature of CL related AK.
The incidence of AK in England and Wales is considerably higher than previously deduced from most studies in other countries, and appeared to be static throughout the period of this study. A substantial minority of cases continue to be left with severely reduced acuity. Although a rare disease, an increasing proportion of the population are contact lens wearers and therefore at increased risk of developing AK. This is the first study to suggest a significant increase in risk associated with supply of hard domestic water and a significant variation in the distribution of cases which appeared to be (at least partly) related to this. The fact that water quality can have such an effect on the risk suggests that many CL wearers must be letting non-sterile water come into contact with their lenses or storage cases. Education of CL practitioners and wearers about the risks associated with tap water and swimming in lenses, variations in efficacy of disinfection systems and the risk reduction achieved with the disposal of soft lenses after a wearing period can be expected to reduce the incidence of AK. 
